Abstract
Introduction
Nuclear magnetic resonance (NMR) techniques are usually applied to monitor char characteristics. 10, 20, 22, 24, 26 In particular, low field NMR relaxometry with fast field cycling setup
66
(FFC NMR) can be used to study the dynamics of water in chars in order to retrieve information 67 about the possible molecular mechanisms through which water (and therefore micro and macro 68 nutrients) can be drained in char-amended soils.
69
In previous studies, FFC NMR relaxometry was applied to differentiate among pore size study, we selected a hydrochar already analyzed by Wiedner et al. 24 and a pyrochar studied in De
75
Pasquale et al. 10 and Conte et al. procedure have been reported already in Wiedner et al. 24 Both pyrochar and hydrochar samples were 2 mm sieved with a stainless steel sieve and dried overnight in an oven set at 105 °C before each NMR analysis. terminating alkyl chains; the second one at 30 ppm is due to methylene groups in alkyl chains,
178
whereas the signal at 48 ppm can be assigned to branched alkyl carbons; the signal at 56 ppm is 179 assignable to methoxyl groups in lignin-like structures and that at 72 ppm is due to carbons C2, C3,
180
C5 in the residual cellulose moiety from the poplar biomass.
24,34

181
The second spectral region in Figure 1A 
187
The spectrum reported in Figure 1B The sole aromatic signal in the CP-TOSS 13 C NMR spectrum of the poplar pyrochar ( Figure 1B whereas the highest limit (the longest T 1 value) is attributed to water moving into the largest pores.
226
All T 1 values between the two limits are due to the dynamics of water inside pores having sizes 227 lying between the two extremes. 29 According to the aforementioned mechanism, the differences Figure 2A than in Figure 2B . Moreover, the same mechanism explains why the 290 maximum at 100 ms due to water in the smallest pores either in hydrochar or in pyrochar is 291 unaffected by temperature changes, whereas the T 1 maxima due to water in larger sized pores (T 1
292
>100 ms) shift towards shorter values. samples investigated here. In particular, the NMRD profiles of the former sample are all placed at 296 faster longitudinal relaxation rates ( Figure 3A ) as compared to the NMRD profiles of the latter 297 sample ( Figure 3B ). This is due to the differences in the surface areas between the two porous 298 materials. In fact, SSA hydrochar was larger than SSA pyrochar (see above). The larger the surface area pyrochar rather than from hydrochar surface as temperature was increased up to 80 °C.
327
The comparison among the temperature dependence of the NMRD profiles in Figure 3 and those in diffusion was the predominating motion mechanism of water in pyrochar only up to 50 °C.
357
Conversely, a 3D exchange with the bulk water appeared to interfere with the aforementioned 2D 358 diffusion as temperature was raised up to 80 °C.
359
The differentiation between the 2D diffusion and the 3D exchange mechanisms was attributed to the 
